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claim 134: page 43, lines 4-9. Page 53, line 35 to page 54, line 1. 
Claims 121-134 do not involve any issue of new matter. Therefore, 
entry of this amendment is respectfully requested. 

Applicants would like to thank Examiner Duffy for discussing the 
subject application with Spencer Schneider of the undersigned 
attorney's office during a June 1, 2001 telephone conference. 
During the telephone conference, Examiner Duffy indicated that she 
would examine composition claims, such as those presented herein. 

January 17 . 2 001 Communication 

In the July 17, 2001 Communication, the Examiner stated that the 
proposed reply filed on October 16, 2 000 is not responsive to the 
prior Office Action because of the following alleged ommissions or 
matters. The Examiner stated that the amendment to the claims 
constitutes a change of invention for the following reasons. The 
Examiner stated that the previous claims were examined in light of 
applicants' amendment to recite an oligosaccharide portion of a 
ganglioside conjugated through a ceramide-derived carbon thus 
requiring a portion of the ganglioside to be present. The Examiner 
stated that the previous claims were considered in light of this 
specific linkage and the presence of the ganglioside. The Examiner 
stated that the now claimed invention does not require that any 
part of the ceramide portion of the ganglioside to be present and 
has apparently changed the linkage. The Examiner stated that the 
presently claimed invention provided by applicants' amendment does 
not reflect gangliosides or linkage through ceramide-derived 
carbons. The Examiner stated that since applicants have already 
received an action on the merits for an alleged different claimed 
invention (linking the oligosaccharide portion of a ganglioside 
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conjugated through a ceramide derived carbon) , the amended claims 
drawn to any oligosaccharide conjugated to Keyhole Limpet 
Hemocyanin constitutes a change of invention. The Examiner stated 
that such changes are not permissible mid-prosecution. 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
pplication have hereinabove canceled claims 102-120 without 
disclaimer or prejudice to applicants' right to pursue the subject 
matter of these claims in a later-filed application and added new 
claims 121-134. Applicants respectfully point out that newly added 
claim 121 recites a "composition which comprises: a) a conjugate of 
i) a ganglioside derivative which comprises an unaltered 
oligosaccharide part and an altered ceramide portion comprising a 
sphingosine base, to ii) an immunogenic protein-based carrier; b) 
a saponin derivable from the bark of a Quillaja saponaria Molina 
tree; and c) a pharmaceutically acceptable carrier; the relative 
amounts of such conjugate and such saponin being effective to 
stimulate or enhance antibody production in a subject, wherein the 
ganglioside derivative is a derivative of a ganglioside selected 
from the group consisting of GM2 , GM3 , GD2 , GD3 , GD3 lactone, O- 
acetyl GD3 and GT3 ; and wherein the immunogenic protein-based 
carrier is derived from a protein selected from the group 
consisting of malaria T-cell epitope, an outer membrane protein of 
Neisseria meningitidis, cationized bovine serum albumin, Keyhole 
Limpet Hemocyanin, polylysine and human serum albumin; wherein in 
the conjugate the ganglioside derivative is conjugated to the 
immunogenic protein-based carrier through a C-4 carbon of the 
sphingosine base of the ceramide portion of the ganglioside 
derivative [Emphasis added] . Applicants contend that this amendment 
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obviates the objection raised in the January 17, 2001 Communication 
and respectfully request that the Examiner enter the amendment and 
examine the invention of claim s 121-134. 

Composition claims 

The Examiner stated that the previously submitted composition 
claims 57-70 and newly submitted claims 98-101 are directed to an 
invention that is independent or distinct from the invention 
originally claimed for the following reasons: the compositions as 
claimed are distinct because they can be used in a materially 
different process such as linked to a column for purification of 
cross reactive antibodies, in an in vitro method to study immune 
responses or in an in vitro method to generate monoclonal 
antibodies. The Examiner stated that since applicant has received 
an action on the merits for the originally presented methods 
invention, this invention has been constructively elected by 
original presentation for prosecution on the merits and 
accordingly, claims 57-70 are withdrawn from consideration as being 
directed to a non-elected invention. The Examiner stated that 
applicants assert that the claims do not define patentably distinct 
inventions and the groups should be rejoined. Applicants remarks 
are not persuasive because the compositions can be used in 
materially different methods and are distinct as set forth above, 
the restriction is proper and made final. The Examiner stated that 
the inventions are related as disclosed but distinct as claimed, 
and restriction is proper. The Examiner stated that there is no 
requirement that the invention be both independent and distinct as 
asserted by applicants, and cited MPEP 803 "the inventions must be 
independent or distinct as claimed." The Examiner moreover stated 
that there is an undue search and examination burden since the 
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inventions are classified differently necessitating a different 
search of at least the US Patents. The Examiner further stated 
applicants may not petition under 37 CFR 1.29(b) to rejoin because 
no restriction has been made in the present application due to 
actions by the applicant, as clearly evidenced by the cancellation 
of compositions in preliminary amendments A mailed June 7, 1995 and 
B, mailed November 15, 1995. 

In response, applicants note that the examiner agreed in the June 
1, 2001 telephone conference to examine either "composition of 
matter" of claims, or "methods of use" claims, but not both 
Accordingly, without conceding the correctness of the Examiner's 
position but to expedite prosecution of the subject application 
have previously canceled claims 102-120 without prejudice or 
disclaimer to their right to pursue the subject matter of these 
claims in a later-filed application and added new claims 121-134. 
Applicants respectfully point out that newly added claims 121-134 
are composition of matter claims. Applicants contend that this 
amendment obviates the above rejection and respectfully request 
that the Examiner reconsider and withdraw this ground of rejection. 

Priority 

The Examiner stated that applicants recently filed a request for a 
corrected filing receipt indicating that the instant application 
was a 371. The examiner stated that the instant application was not 
filed under 35 USC 371 and that it is not now nor ever has been 
accorded 371 status. The Examiner that correction is required in 
response to this office action. 

In response, applicants respectfully point out that they filed a 
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Third Communication Requesting Corrected Filing Receipt on April 
12, 2001. 

Obviousness type double patenting 

The Examiner provisionally rejected claims 71-97 under the 
judicially created doctrine of obviousness type double patenting 
as being unpatentable over claims 65-71 and 77 of copending 
Application No. 08/477,097. The Examiner stated although the 
conflicting claims are not identical, they are not patentably 
distinct from each other because they all claim conjugating 
proteins to gangliosides through the ceramide portion and thus the 
particular method species drawn to GM2 or GM3 claimed in the 
copending application would anticipate the instant genus method 
claims. The Examiner stated applicants' argue that the provisional 
rejection should be allowed to drop and that the instant claims be 
allowed to issue, pursuant to MPEP section 804. The Examiner 
stated since the instant claims are not allowable, the provisional 
double patenting rejection is maintained for reasons already made 
of record. 

The Examiner provisionally rejected claims 71-97 under the 
judicially created doctrine of obviousness- type double patenting as 
being unpatentable over claims 66-72 of copending Application No. 
08/475,784. The Examiner stated although the conflicting claims 
are not identical, they are not patentably distinct from each other 
because they all claim conjugating proteins to gangliosides through 
the ceramide portion and thus the particular method species claimed 
in the copending application would anticipate the instant genus 
method claims. The Examiner stated applicants' argue that the 
provisional rejection should be allowed to drop and that the 



# 



Applicants: Philip Livingston and Friedhelm Helling 
Serial No.: 08/477,147 
Filed: June 7, 1995 
Page 10 

instant claims be allowed to issue, pursuant to MPEP section 804. 
The Examiner stated since the instant claims are not allowable, the 
provisional double patenting rejection is maintained for reasons 
already made of record. 

The Examiner provisionally rejected claims 71-97 under the 
judicially created doctrine of obviousness- type double patenting as 
being unpatentable over claims 80-86 and 92-96 of copending 
Application No. 08/196,154. The Examiner stated although the 
conflicting claims are not identical, they are not patentably 
distinct from each other because they all claim conjugating 
proteins to gangliosides through the ceramide portion and thus the 
particular method species claimed in the copending application 
would anticipate the instant genus method claims. The Examiner 
stated applicants argue that the provisional rejection should be 
allowed to drop and that the instant claims be allowed to issue, 
pursuant to MPEP section 804 . The Examiner stated since the 
instant claims are not allowable, the provisional double patenting 
rejection is maintained for reasons already made of record. 

In response, applicants without conceding the correctness of the 
above rejection but to expedite prosecution of the subject 
application have hereinabove canceled claims 102-120 without 
prejudice or disclaimer to their right to pursue the subject matter 
of these claims in a later- filed application and added new claims 
121-134. Applicants contend that these amendments obviate the above 
rejection and respectfully request that the Examiner reconsider and 
withdraw this ground of rejection. 
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Rejection under 3 5 U.S.C. 112, first paragraph 

The Examiner rejected claims 71-97 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in 
the specification in such a way as to enable one skilled in the art 
to which it pertains, or with which it is most nearly connected, to 
make and/or use the invention is maintained for reasons made of 
record for claims 44 and 46-56 in Paper No. 13, mailed 4-1-98 and 
reasons herein. The Examiner stated as to claims 72-77 and 89-97, 
Applicants arguments and evidence have been carefully evaluated but 
is not persuasive to remove the rejections of record in regard to 
prevention of cancer, and prevention of relapse of cancer. The 
Examiner stated that applicants provide Zhong et al (Cancer 
Research, 58:2844-2849, 1998) and contend that Zhong et al protects 
against syngeneic tumor challenge and eliminates micro metastases. 
The Examiner stated this evidence is not persuasive for instant 
prevention of cancer or prevention of relapse for the reasons set 
forth below. The Examiner stated first, the composition did not 
prevent cancer as is claimed (see claims 72 and dependent claims) . 
The Examiner stated as seen on page 2 846, while the composition 
comprising GD2 conjugated to KLH via the ceramide double bond to 
aldehyde by ozonolysis and attachment of KLH by reductive amination 
in the presence of cyanoborohydride in combination with QS-21 
extended survival, however, mice still died. The Examiner stated 
prevention of cancer is not still enabled even with the composition 
comprising GD2 conjugated to KLH via the ceramide double bond to 
aldehyde by ozonolysis and attachment of KLH by reductive amination 
in the presence of cyanoborohydride in combination with QS-21. The 
Examiner stated in regard to prevention, the tumor challenge was 
limited to a single type of cancer and administered by intravenous 
challenge. The Examiner stated the claims are broadly drawn to 
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prevention of any cancer and is not limited to the specific 
conjugate and lymphoma treated. The Examiner stated in contrast to 
solid tumors, the intravenous compartment would be expected to have 
any antibodies present in high concentration. The Examiner stated 
this situation is unlike the majority of cancers which are not 
present in the intravenous compartment. The Examiner stated 
applicants have not provided evidence that solid tumors can be 
either treated or prevented by administration of any compositions 
as is claimed. The Examiner stated Curti et al (Critical Reviews 
in Oncology/Hematology, 14:29-39, 1993) teach the numerous physical 
barriers to drug delivery in solid tumors. The Examiner stated 
applicants have not taught these types of cancers can be prevented 
prior to the onset of cancer or any relapse also prevented. The 
Examiner stated Zhong et al teach that the administration of the 
composition after a reduced tumor challenge did not provide a 
statistically significant difference (see page 2847, column 1, 
second full paragraph) between the control and the composition. 
The Examiner stated thus, prevention is not enabled and relapses 
are not enabled since the Zhong et al article does not enable 
prevention of relapse, because the primary tumor is still present 
and relapse can occur at the primary tumor site. The Examiner 
stated all relapses are not due to metastacies. The Examiner 
stated thus, the specification as originally filed does not enable 
the prevention of any type of cancer. 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
application have previously canceled claims 57-101 without 
prejudice or disclaimer to their right to pursue the subject matter 
of these claims in a later- filed application, hereinabove canceled 
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claims 102-12 0 without prejudice or disclaimer to their right to 
pursue the subj ect matter of these claims in a later- filed 
application and added new claims 121-134. Applicants respectfully 
point out that newly added claims 121-134 relate to compositions of 
matter. Applicants also point out that claims 121-134 do not recite 
methods of preventing cancer. Applicants contend that these 
amendments obviate the above rejection and respectfully request 
that the Examiner reconsider and withdraw this ground of rejection. 

Claims 71-97 

The Examiner stated that as to claims 71-97, the claims are still 
not enabled for derivatives of KLH wherein the derivative 
comprises KLH linked to an immunological adjuvant. The Examiner 
stated the specification does not teach how to link or conjugate 
immunological adjuvants, such as cytokines, non- ionic block 
copolymer or monophospholipid A, to the KLH moiety. The Examiner 
stated the specification does not teach that the compositions so 
made function to boost the immune response toward the 
oligosaccharide moiety, rather than the KLH moiety to which the 
adjuvant is attached or are useful in any manner contemplated by 
the specification. The Examiner stated the specification does not 
reference any art accepted method of making said derivatives. The 
Examiner stated Pierce (U.S. Patent No. 5,616,477) teaches that 
many materials have been shown to have adjuvant activity, however, 
such chemical coupling involves harsh treatment and often results 
in destruction of a portion of the antigen and reduced 
immunogenicity (column 1, lines 30-40) . The Examiner stated 
applicants have not taught how to make a ganglioside or 
oligosaccharide portion of the ganglioside retains its 
immunogenicity at any level, especially at that level which is 
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required to treat or prevent cancer as is instantly claimed. The 
Examiner stated moreover, the art teaches that the antigen per se 
is directly coupled to the immunological adjuvant. The Examiner 
stated the claim requires that the adjuvant be linked through the 
KLH carrier protein and thus the adjuvant would be expected to 
increase the immunogenicity of the KLH rather than the ganglioside 
or oligosaccharide attached thereto. The Examiner stated in view 
of the absence of showing of the ability of such compositions to 
prevent of cancer or prevent relapses of cancer, the absence of any 
teaching of how to make these derivatives suitable for use in the 
claimed methods, one skilled in the art would be forced into undue 
experimentation to make such derivatives and use them in the 
methods of the invention as are now claimed. The Examiner stated 
in the absence of further guidance on how to make a ganglioside-KLH 
derivative, it would require undue experimentation to predictably 
and reproducibly make the compositions and use the compositions in 
the claimed. 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
application have previously canceled claims 57-101 without 
prejudice or disclaimer to their right to pursue the subject matter 
of these claims in a later- filed application, hereinabove canceled 
claims 102-120 without prejudice or disclaimer to their right to 
pursue the subject matter of these claims in a later-filed 
application and added new claims 121-134. Newly added claims 121- 
134 do not recite "derivatives of Keyhole Limpet Hemocyanin." 
Applicants contend that these amendments obviate the above 
rejection and respectfully request that the Examiner reconsider and 
withdraw this ground of rejection. 
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Rejection under 35 U.S.C. §103 (a) 

The Examiner rejected claims 71-88 under 35 U.S.C. 103(a) as being 
unpatentable over Livingston et al (Cancer Research, 49:7045-7050, 
1989) in view of Irie et al (U.S. Patent No. 4,557,931, published 
December 10, 1985) and Ritter et al (Cancer Biology, 2:401-409, 
1991) is maintained and reiterated below. The Examiner stated that 
Livingston et al (Cancer Research, 49:7045-7050, 1989) teach a 
composition administered to melanoma patients for stimulating the 
production of antibodies directed to a carbohydrate epitope on the 
ganglioside, GM2 (p 7046-7048) . The Examiner stated Livingston et 
al teach that the GM2 is administered in conjunction with an 
adjuvant, Bacillus Calmette-Geurin (BCG) , and a pharmaceutically 
acceptable vehicle, phosphate buffered saline (p 7048, column 1, 
paragraph 3 and paragraph bridging p 7046-47) . The Examiner stated 
Livingston et al teach that the melanoma recurrence was delayed in 
patients developing GM2 antibodies after vaccination (p 7048, 
paragraph 1 and column 2, paragraph 2). The Examiner stated 
Livingston et al teach that more patents produced IgM antibodies 
that IgG antibodies to the GM2 (9 7047 paragraph bridging columns 
1-2) . The Examiner stated Livingston et al also teach the 
gangliosides GM2 , GD2 and GD3 are expressed on the cell surface of 
human malignant melanomas (p 7 045, column 1, paragraph 2) . The 
Examiner stated Livingston et al do not teach the conjugation of 
the GM2 vaccine with Keyhole Limpet Hemocyanin (KLH) through the 
ceramide portion of the ganglioside or use of any of the other 
gangliosides in a method to induce an immune response or cancer 
treatment . 

The Examiner stated that Irie et al teach conjugation of 
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ganglioside GM2 to a non-toxic protein carrier, such as albumin, 
using ozonolysis (column 5, see B., lines 19-68) which conjugates 
a the GM2 through the ceramide portion. The Examiner stated Irie 
et al teach that the fatty acid of ceramide maybe removed leaving 
shpingosine and thus the coupling takes place through the amine 
group of the sphingosine moiety (column 2, lines 64-69). The 
Examiner stated Irie et al teach that the conjugated GM2 can be 
used as a vaccine to stimulate an immune response and raise the 
anti-GM2 titer in mammals (column 2) . The Examiner stated Irie et 
al differ by not conjugating the GM2 to KLH. 

The Examiner stated that Ritter et al (Cancer Biology, 2:401-409, 
1991) teach that the IgG responses to gangliosides may be increased 
by the covalent attachment of foreign carrier proteins such as KLH 
to the gangliosides resulting in the T cell help necessary for the 
response (p 406, paragraph 1). The Examiner stated Ritter et al 
discloses the advantage of using an IgG antibody response (versus 
IgM) against ganglioside is that IgG a) has a higher affinity; b) 
is better able to penetrate solid tissues; c) is able to mediated 
antibody- dependent cell-mediated cytotoxicity; and d) is generally 
detectable in the serum for longer periods after immunization. The 
Examiner stated it would have been prima facie obvious to one of 
ordinary skill in the art to modify the GM2 -albumin ceramide 
conjugate of Irie et al by substituting KLH for albumin and to 
substitute the resulting GM2-KLH ceramide conjugate for the GM2 in 
the immunization composition of Livingston et al for active 
immunization for generating antibody response for melanoma 
treatment because Irie et al teach that the GM2 conjugated through 
the ceramide (sphingosine) portion can be used as a vaccine to 
simulate an immune response and raise the anti-GM2 titer in mammals 
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and- Ritter et al teach that the IgG responses to gangliosides may 
be increased by covalent attachment of foreign carrier proteins 
such as KLH to the gangliosides resulting in the T cell help 
necessary for the response (p 4 06, paragraph 1) and Ritter et al 
discloses the advantages of generating and IgG as opposed to an igM 
antibody response and optimization of the dosage, route of 
administration and number of sites to administer the composition as 
combined above is well within the skill of the art. 

The Examiner stated applicants allege that the references neither 
individually or combined teach the invention as is now claimed. 
The Examiner stated this is not persuasive. The Examiner stated 
applicant's arguments fail to comply with 37 CFR. 1.111(b) because 
they amount to a general allegation that the claims patentably 
distinguishes them from the references. Applicant's arguments do 
not comply with 37 CFR 1.111(c) because they do not clearly point 
out the patentable novelty which he or she thinks the claims 
present in view of the state of the art disclosed by the references 
cited or the objections made. The Examiner stated further, they do 
not show how the amendments avoid such references or objections. 

In response, applicants respectfully traverse the Examiner's above 
rejection. Applicants contend that Livingston et al (Cancer 
Research, 49:7045-7050, 1989) in view of Irie et al (U.S. Patent 
No. 4,557,931) and Ritter et al (Cancer Biology, 2:401-409, 1991) 
does not render obvious the claimed invention. 

Applicants point out that newly added claim 121 recites a 
"composition which comprises: a) a conjugate of i) a ganglioside 
derivative which comprises an unaltered oligosaccharide part and an 
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altered ceramide portion comprising a sphingosine base, to ii) an 
immunogenic protein-based carrier; b) a saponin derivable from the 
bark of a Qui 1 la j a saponaria Molina tree; and c) a pharmaceutical ly 
acceptable carrier; the relative amounts of such conjugate and such 
saponin being effective to stimulate or enhance antibody production 
in a subject, wherein the ganglioside derivative is a derivative of 
a ganglioside selected from the group consisting of GM2 , GM3 , GD2 , 
GD3 , GD3 lactone, 0-acetyl GD3 and GT3 ; and wherein the immunogenic 
protein-based carrier is derived from a protein selected from the 
group consisting of malaria T-cell epitope, an outer membrane 
protein of Neisseria meningitidis, cationized bovine serum albumin, 
Keyhole Limpet Hemocyanin, polylysine and human serum albumin; 
wherein in the conjugate the ganglioside derivative is conjugated 
to the immunogenic protein-based carrier through a C-4 carbon of 
the sphingosine base of the ceramide portion of the ganglioside 
derivative . " 

First, the Examiner acknowledges that the primary reference, i.e. 
Livingston et al . Cancer Research 1989, ("Livingston 1989") does 
not teach conjugation of GM2 with Keyhole Limpet Hemocyanin through 
the ceramide portion of the ganglioside (see January 11, 2000 
Office Action, page 8) . 

To compensate for the lack of such disclosure, the Examiner relies 
relies on two references: Irie et al (U.S. Patent No. 4,557,931); 
and Ritter et al (Cancer Biology 1991) . However, applicants submit 
that neither of these references supplies what it missing from the 
primary reference . 

The Examiner relies on two section of Irie: (1) column 5, lines 19- 
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68; • and (2) column 2, lines 64-69. However, neither of these 
sections of Irie teach the conjugation as recited in the claimed 
invention . 

Applicants point out that Irie et al . at column 5, lines 19-68, 
discloses conjugation through the oligosaccharide of the 
ganglioside. In contrast, the applicants' claims recite that the 
conjugation is through a C-4 carbon of the sphingosine base of the 
ceramide portion of the ganglioside derivative. In addition, 
applicants' claims recite that the ganglioside derivative 
comprises an unaltered oligosaccharide part and an altered ceramide 
portion. Accordingly, with respect to this portion of Irie, not 
only does not disclose the claimed conjugation, it teaches away 
from it by teaching that the conjugation is in the oligosaccharide 
portion and not the ceramide portion of the ganglioside. 

The second portion of Irie to which the Examiner cites (i.e. column 
2, lines 64-69) contains two references with respect to the 
conjugation. 

The first reference (column 2, lines 63-65) states that "the entire 
ceramide portion of GM2 may be removed (in which event the 
oligosaccharide of GM2 is coupled through the glucose moiety) " 
[emphasis added] . Applicants respectfully point out that such 
conjugation is through the glucose moiety and not through the 
ceramide. Therefore, this portion of Irie does not disclose the 
conjugation as recited in the claims. 

The second reference (column 2, lines 65-68) states that "the fatty 
acid of the ceramide may be removed leaving sphingosine (in which 
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event the oligosacharide of GM2 is coupled through the amine group 
of the sphingosine moiety)" [emphasis added] . In contrast, the 
conjugation as recited in the claims states that it is "through a 
C-4 carbon of the sphingosine base of the ceramide portion of the 
ganglioside derivative." Since Irie teaches that the conjugation is 
through an amine group of the sphingosine, while the claims recite 
that the conjugation is though a C-4 carbon of the sphingosine, 
Irie does not disclose the conjugation as recited in the claims. 
Nor does Irie suggest conjugation through the C-4 carbon. 

Accordingly, Irie et al does not supply what is missing from the 
primary reference with respect to the conjugation. 

The second reference upon which the Examiner relies is Ritter 1991. 
Ritter 1991 discloses on page 406, column 1 two approaches for 
augmenting the immunogenicity of gangliosides in a mouse, and 
states that only one of these approaches is capable of inducing 
consistent IgG antibodies to gangliosides in the mouse. Ritter 1991 
describes this approach as covalently attaching gangliosides to 
foreign carrier proteins such as KLH. 

Although Ritter 1991 refers to the conjugation of GM2 to KLH, there 
is no description of the chemical nature of the conjugate or of how 
to make the conjugate. Thus, Ritter 1991 neither discloses anything 
conjugated through the ceramide, nor enables making any such 
conjugate. Applicants respectfully direct the Examiner's attention 
to the highlighted portion of claim 121 above relating to the 
conjugation, which recites "the ganglioside derivative is 
conjugated to the immunogenic protein-based carrier through a C-4 
carbon of the sphingosine base of the ceramide portion of the 
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ganglioside derivative." The Examiner's indication that one skilled 
in the art would interpret Ritter 1991 to involve ceramide 
conjugation is only speculation. Based on Ritter 1991, one skilled 
in the art would not understand that the linkage would be through 
the ceramide. Therefore, Ritter 1991 does not supply what is 
missing from either the primary reference (i.e. Livingston et al . ) 
or the other secondary reference (i.e. Irie et al . ) 

Therefore, Livingston et al in view of Irie et al and Ritter et al 
does not render obvious the claimed invention. Applicants contend 
that these amendments and remark obviates the above rejection and 
respectfully request that the Examiner reconsider and withdraw this 
ground of rejection. 

Rejection under 35 U.S.C. 103(a) 

The Examiner rejected claims 71-88 under 35 U.S.C. 103(a) as being 
unpatentable over Livingston et al . (Cancer Research, 149:7045- 
7050, 1989) in view of Ritter et al . (Seminars in Cancer Biology, 
2:401-409, 1991), Liane et al (Journal of Biological Chemistry, 
249 (14) :4460-4466, 1974), Livingston et al . (U.S.. Patent No. 
5,102,663), Ritter et al . (Immunobiol, 182:32-43, 1990), Kensil et 
al . (The Journal of Immunology, 146 (2) : 431-437 , 1991), and Marciani 
et al . (Vaccine, 9:89-96, 1991) and Uemura et al (J Biochem, 
79 (6) : 1253-1261, 1976). The Examiner stated that Livingston et al 
(Cancer Research) teach a composition administered to melanoma 
patients for stimulation the production of antibodies directed 
against a carbohydrate epitope on the ganglioside, GM2 (page 7046- 
7048) . The Examiner stated Livingston et al teach that the 
composition for treatment is administered at a concentrations of 
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100,200, or 300 ug with an adjuvant, Bacillus-Calmette-Geurin 
(BCG) , and a pharmaceutically acceptable vehicle, phosphate 
buffered saline (p 7046, column 1, paragraph 3, and paragraph 
bridging p 7046-47) . The Examiner stated Livingston et al teach 
that melanoma recurrence was delayed in patients developing GM2 
antibodies after treatment with the composition (page 7048, 
paragraph 1 and column 2, paragraph 2) . The Examiner stated 
Livingston et al teach that more patients produced IgM antibodies 
than IgG antibodies to the GM2 , GD2 and GD3 are expressed on the 
cell surface of human malignant melanomas (page 7045, column 1, 
paragraph 2) . The Examiner stated Livingston et al teach treatment 
of a melanoma, a cancer which is both epithelial and 
neuroectodermal in origin. The Examiner stated Livingston et al 
differ by not teaching the conjugation of the GM2 or other 
gangliosides by means of a carbon on the ceramide moiety with 
aminolysyl groups on Keyhole Limpet Hemocyanin (KLH) in a 
composition and using this composition for treatment. The Examiner 
stated that Ritter et al (1991) teach that IgG responses to 
gangliosides may be increased by the covalent attachment of foreign 
carrier proteins such as KLH to the gangliosides resulting in the 
T cell help necessary for the response (page 406, paragraph 1) . 
The Examiner stated Ritter et al teaches discloses that the 
advantage of inducing an IgG antibody response (vs IgM) against 
gangliosides is that IgG: a) has a higher affinity, b) is better 
able to penetrate solid tissues, c) is able to mediate antibody- 
dependent cell -mediated cytotoxicity, d) and is generally 
detectable in the serum for longer periods after immunization. The 
Examiner stated Liane et al (Journal of Biological Chemistry, 
249 (14) : 4460-4466, 1974) teach a method for covalent coupling of 
gangliosides to aminoethyl agarose or the amino group bearing glass 
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beads by oxidative ozonolysis of the olefinic bond of the 
shpingosine moiety (i.e. the instant carbon double bond of 
ceramide) and coupling of the carboxyl bearing product to the amino 
group of aminoethyl agarose or the amino group bearing glass beads. 
The Examiner stated Ritter et al (1990) teach that GD3 lactone is 
more immunogenic than GD3 . The Examiner stated Livingston et al 
(U.S. Patent No. 5,102,663) teach that gangliosides GM3 , GM2, GD3 , 
GD2, GT3 and O- acetyl GD3 are gangliosides that are prominent cell- 
membrane components of melanoma and other tumors of neuroectodermal 
origin (column 1, lines 22-28). The Examiner stated Kensil et al 
teach that QS-21 (i.e. the instant carbohydrate derivable from the 
bark of the Suillaja saponaria Molina tree) produced a higher 
antibody response than conventional aluminum hydroxide (page 433, 
column 2, paragraph 4 and Figure 3) . The Examiner stated Kensil et 
al also teach that the immune responses obtained with QS-21, 
reached a plateau at doses between 10-80 ug in mice (page 433, 
column 1, paragraph 3). The Examiner stated Maricani et al teach 
the use of QS-21 adjuvant was useful because it did not cause a 
toxic reaction in cats (page 93, paragraph 1). The Examiner stated 
Uemura et al (J Biochem, 79 (6) : 1253-1261, 1976) teach that the 
ozonolysis and reduction of various sphingolipids did not affect 
the haptenic reactivity of the ganglioside derivative with 
antibodies. The Examiner stated it would have been prima facie 
obvious to one of ordinary skill in the art at the time the 
invention was made to modify the composition taught by Livingston 
et al by conjugating the GM2 to KLH by covalently coupling GM2 to 
KLH by substituting GM2 for the globoside and KLH for the 
aminoethyl agarose to produce a GM-2-KLH conjugate by means of the 
olefinic bond of the sphingosine moiety of the GM2 (i.e. the 
instant ceramide double bond) and the e-aminolysyl groups present 
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in the KLH protein using the method of Liane et al and add QS-21 as 
an adjuvant to the GM - 2 - KLH conjugate for use as a vaccine because 
the conjugated composition would be expected to enhance the IgG 
response to the ganglioside, as taught by Ritter et al (1991) , thus 
providing the advantages by Ritter et al (1991) and adding the QS- 
21 would be advantageous because it provides for a higher antibody 
response that the commonly used adjuvant use by Kensil et al and 
QS-21 provides the advantages that is not toxic to animals as is 
taught by Marciani et al . The Examiner stated it also would have 
been prima facie obvious to use doses of between 10 and 8 0 ug of 
QS-21 in the composition and optimize the dose accordingly because 
the immune response with QS-21 plateaus at doses between 10-80 ug 
and optimization of the weight of ratio of the components of the 
composition to provide an optimal response is well within the 
ordinary skill in the art and use the composition as modified supra 
for treatment of melanoma as taught by Livingston et al (Cancer 
Research) . The Examiner stated it would have been prima facie 
obvious to one of ordinary skill in the art to substitute any one 
of GM3, GD2 , GD3 , or O-acetyl GD3 for the GM2 ganglioside in the 
composition and method as combined supra because they are all 
prominent cell -membrane components of melanomas as taught by 
Livingston et al (U.S. Patent No. 5,102,663) and one of ordinary 
skill in the art at the time the invention was made to substitute 
the GD3 lactone for the GM2 ganglioside in the composition because 
GD3 lactone is more immunogenic than GD3, as taught by Ritter et al 
(1990) and would be expected to product an enhanced antibody 
response as compared to GD3 . The Examiner stated Optimization of 
the dosage, route to immunization, number of sites of immunization 
to administer the composition is will within the skill of the 
ordinary artisan. The Examiner stated one would have reasonably 
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expected the conjugation procedure to work as substituted because 
conjugation through the e-aminolysyl groups of carrier proteins for 
enhance immunogenicity is routine in the art and Uemura et al (J 
Biochem, 79(6)1253-1261, 1976) teach that the ozonolysis and 
reduction of various sphingolipids did not affect the haptenic 
reactivity with antibodies. 

In response, applicants respectfully traverse the Examiner's above 
rejection. Applicants respectfully disagree with the Examiner's 
contention that the conjugation procedure as combined provides 
renders obvious the claimed invention. Applicants contend that the 
cited references, namely Livingston et al . (Cancer Research) in 
view of Ritter et al . (Seminars in Cancer Biology), Liane et al 
(Journal of Biological Chemistry), Livingston et al . (U.S. Patent 
No. 5,102,663), Ritter et al . ( Immunobiol ) , Kensil et al . (The 
Journal of Immunology), and Marciani et al . (Vaccine) and Uemura et 
al (J Biochem) does not teach, suggest or disclose applicants 
claimed invention and therefore do not render obvious the claimed 
invention. 

Applicants point out that newly amended claim 121 recites a 
"composition which comprises: a) a conjugate of i) a ganglioside 
derivative which comprises an unaltered oligosaccharide part and an 
altered ceramide portion comprising a sphingosine base, to ii) an 
immunogenic protein-based carrier; b) a saponin derivable from the 
bark of a Quillaja saponaria Molina tree; and c) a 

pharmaceutically acceptable carrier; the relative amounts of such 
conjugate and such saponin being effective to stimulate or enhance 
antibody production in a subject, wherein the ganglioside 
derivative is a derivative of a ganglioside selected from the group 
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consisting of GM2 , GM3 , GD2 , GD3 , GD3 lactone, O-acetyl GD3 and 
GT3 ; and wherein the immunogenic protein-based carrier is derived 
from a protein selected from the group consisting of malaria T-cell 
epitope, an outer membrane protein of Neisseria meningitidis, 
cat ionized bovine serum albumin, Keyhole Limpet Hemocyanin, 
polylysine and human serum albumin; wherein in the conjugate the 
ganglioside derivative is conjugated to the immunogenic protein- 
based carrier through a C-4 carbon of the sphingosine base of the 
ceramide portion of the ganglioside derivative. "[Emphasis added] . 

First, the Examiner acknowledges that the primary reference, i.e. 
Livingston et al . Cancer Research 1989, ("Livingston 1989") does 
not teach conjugation of GM2 or other gangliosides by means of a 
carbon on the ceramide moiety (see January 11, 2000 Office Action, 
page 8) . 

To compensate for the lack of such disclosure, the Examiner relies 
relies primarily on two references, namely Ritter et al . , Cancer 
Biology 1991 ("Ritter 1991") and Ritter et al . , Immunobiology 1990 
("Ritter 1990"). However, applicants submit that neither of these 
references supplies what it missing from the primary reference. 

Ritter 1991 discloses on page 406, column 1 two approaches for' 
augmenting the immunogenicity of gangliosides in a mouse, and 
states that only one of these approaches is capable of inducing 
consistent IgG antibodies to gangliosides in the mouse. Ritter 1991 
describes this approach as covalently attaching gangliosides to 
foreign carrier proteins such as KLH . 

Although Ritter 1991 refers to the conjugation of GM2 to KLH, there 
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is no description of the chemical nature of the conjugate or of how 
to make the conjugate. Thus, Ritter 1991 neither discloses anything 
conjugated through the ceramide, nor enables making any such 
conjugate. Applicants respectfully direct the Examiner's attention 
to the highlighted portion of claim 97 above relating to the 
conjugation, which recites "...wherein in the conjugate the 
ganglioside derivative is conjugated to Keyhole Limpet Hemocyanin 
through a C-4 carbon of the sphingosine base of the ceramide 
portion of the ganglioside derivative to the e-aminolysyl group of 
Keyhole Limpet Hemocyanin..." The Examiner's indication that one 
skilled in the art would interpret Ritter 1991 to involve ceramide 
conjugation is only speculation. Based on Ritter 1991, one skiiled 
in the art would not understand that the linkage would be through 
the ceramide. The Examiner tries to justify that the references 
teach linkages through the ceramide by using Ritter 1990. However, 
Ritter 1990 does not teach conjugation in a ceramide region. 

Ritter 1990 describes making chemical derivatives of GD3 . The four 
derivatives described in Table 1 on page 34 are as follows: 
(1) amide, which is not immunoreactive with monoclonal antibodies to 
native GD3 ; (2) gangliosidol , which is not immunoreactive with 
monoclonal antibodies to native GD3 ; (3) lactone I, which is 
reactive but less than native GD3 ; and (4) lactone II, which is also 
reactive but less than native GD3 . In Ritter 1990, there is no 
discussion of a conjugation to KLH. There is merely a description 
of chemical modifications of the ganglioside. Applicants point out 
to the Examiner that these derivatives are in the c a rbohy dr a t e 
portion and not in the ceramide. 



Based on the Table 4 in Ritter 1990, one would interpret that for 
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GD3 , the preference is to make a Lactone 1 derivative, which is a 
lactone chemically derivatized in the carbohydrate since it is more 
immunogenic than GD3 itself. Based on Ritter 1990, one would 
probably make a Lactone derivative. However, there is no suggestion 
of using the ceramide for such derivative. 

The Examiner's attempt to use Ritter 1990 to support his 
obviousness speculation is incorrect because: (1) Ritter 1990 
discloses that the conjugation is through the carbohydrate, not the 
ceramide; and (2) Ritter 1990 teaches away from ceramide 
conjugation and indicates that conjugation through a lactone is 
preferred. 

Thus, there is neither a specific disclosure, nor is it obvious 
from either Ritter 1990 or Ritter 1991 to conjugate through the 
ceramide. Accordingly, the primary reference (i.e. Livingston et 
al . ) in view of Ritter 1990 and Ritter 1991 does not teach, suggest 
or disclose the claimed invention Moreover, the other cited 
references do not supply what is missing from either the primary 
reference, Ritter 1990 or Ritter 1991. 

The Examiner cited Uemura et al as disclosing that ozonolysis and 
reduction of various sphingolipids do not affect the haptenic 
activity with antibodies. The Examiner stated that the combination 
[of references] provides a reasonable expectation of success as 
demonstrated by Uemura et al which demonstrates the ozonolysis and 
reduction of various sphingolipids did not affect the haptenic 
reactivity with antibodies. However, Uemura et al does not supply 
what is missing from the primary reference with respect to 
conjugation through a ceramide-derived carbon to a carrier protein. 
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The Examiner cited Kensil and Marciani for their disclosures with 
respect to QS-21. The Examiner cited Livingston et al . (U.S. Patent 
No. 5,102,663) with respect to various gangliosides being cell 
membrane components of melanoma. Accordingly, neither of these 
references disclose what is missing from the primary reference with 
respect to conjugation through a ceramide-derived carbon to a 
carrier protein. 

The Examiner cited Liane et al (Journal of Biological Chemistry) , 
alleging that it "teaches a method for covalent coupling of 
gangliosides to amino ethyl agarose or the amino group bearing 
glass beads by oxidative ozonolysis of the olefinic bond of the 
spingosine moiety (i.e. the instant carbon double bond of ceramide) 
and coupling of the carboxyl bearing product to the amino group 
bearing glass beads." Applicants submit that Liane does not supply 
what is missing from the primary reference with respect to 
conjugation through a ceramide-derived carbon. In support, 
applicants attach hereto as Exhibit A a copy of Helling et al . , 
Cancer Research 54: 197-203, which was cited as reference 3 in an 
information disclosure statement filed on May 2, 1997 in connection 
with the subject application. Applicants point out that Helling et 
al . addresses the cited reference (i.e. Liane et al . ) on page 201, 
second paragraph of the discussion stating the "earlier" Liane et 
al . method 

is of limited use for the conjugation of gangliosides to 
carrier proteins because it requires acetylated, methyl 
ester derivatives of gangliosides to avoid coupling via 
the sialic acid carboxyl group. Deacylation after 
conjugation under basic conditions is necessary, 
conditions most proteins cannot be exposed to without 
degradation . 
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Applicants point out that the claimed invention recites in part 
"...a conjugate of i) a GM2 or GD2 ganglioside derivative which 
comprises an unaltered oligosaccharide part and an altered 
ceramide portion comprising a sphingosine base, to ii) Keyhole 
Limpet Hemocyanin . . . " Keyhole Limpet Hemocyanin is a carrier 
protein and accordingly, the Liane et al . methods would not enable 
a conjugation such as that recited in the claims because the Liane 
et al . conditions would result in protein degradation. Accordingly 
Liane et al . does not provide what is missing from the primary 
reference, i.e. a teaching of a conjugation of a ganglioside to a 
protein through a ceramide derived carbon, and an enabling 
disclosure of how to do so. Therefore, the primary reference in 
view of Liane et al . does not teach, suggest or disclose the 
claimed invention . 

Accordingly, the primary reference, i.e. Livingston 1989 in view 
of the other cited references, namely Ritter 1990, Liane et al 
(Journal of Biological Chemistry), Livingston et al . (U.S. Patent 
No. 5,102,663), Ritter 1991, Kensil et al . (The Journal of 
Immunology), and Marciani et al . (Vaccine) and Uemura et al (J 
Biochem) does not render obvious the applicants' claimed 
invention. Applicants contend that these remarks obviate the above 
rejection and respectfully request that the Examiner reconsider 
and withdraw this ground of rejection. 

Rejection under 35 U.S.C. 112, first paragraph 

The Examiner rejected claims 71-97 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in 
the specification in such a way as to reasonably convey to one 



Applicants 
Serial No. 
Filed 
Page 31 



Philip O. Livingston and Friedhelm Helling 
08/481, 809 
June 7, 1995 



skilled in the relevant art that the inventor (s), at the time the 
application was filed, had possession of the claimed invention. 
The Examiner stated this is a new matter rejection. The Examiner 
stated as to claims 71-97, Applicants point to page 32, lines 1-33 
and page 12, lines 4-14 for support for the now claimed invention. 
The Examiner stated this is not persuasive, the passage at page 
32, lines 4-14 provide for a specific coupling procedure at the C- 
4 carbon of the sphingosine moiety of the ceramide to the e- 
aminolysyl group of a proteins (ozonolysis, production of a 
functional aldehyde group and coupling to an e-aminolysyl group on 
a protein by reductive amination) . The Examiner stated the 
passage at page 12, lines 4-14 in combination with the passage at 
page 32, lines 1-33 does not support a broad coupling to any 
generic portion of the ceramide backbone of the ganglioside, by 
any generic means by cleavage of any double bond (i.e. C=0) and 
coupling by any linkage process. The Examiner stated the written 
description at pages 12 and 32 does not support by way of written 
description, convey that applicants had at the time of filing 
contemplated any means of coupling to any not in possession of 
that which is now broadly claimed. The Examiner stated correction 
is required. 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
application have previously canceled claims 57-101 without 
prejudice or disclaimer to their right to pursue the subject 
matter of these claims in a later-filed application, hereinabove 
canceled claims 102-120 without prejudice or disclaimer to their 
right to pursue the subject matter of these claims in a later- 
filed application and added new claims 121-121. The newly added 
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claims recite that the conjugation is through a C-4 carbon of the 
sphingosine base of the ceramide portion of the ganglioside 
derivative. Applicants contend that the this language regarding 
the conjugation obviates the Examiner's above rejection and 
respectfully request that the examiner reconsider and withdraw 
this ground of rejection. 

The Examiner stated as to claims 89-97, the concept of using the 
composition for preventing a relapse of cancer in a subject 
comprising administering the composition is not found in either 
the detailed description of the invention at pages 11-18, nor at 
the indicated pages of 12,32,33,76,114 or 116 of the specification 
as alleged by applicants. The Examiner stated the issue is best 
resolved by applicants pointing to the specification by page and 
line number where written description support for conception of 
this now claimed invention can be found. 

In response, applicants without conceding the correctness of the 
Examiner's position but to expedite prosecution of the subject 
application have previously canceled claims 57-101 without 
prejudice or disclaimer to their right to pursue the subject 
matter of these claims in a later-filed application, hereinabove 
canceled claims 102-120 without prejudice or disclaimer to their 
right to pursue the subject matter of these claims in a later- 
filed application and added new claims 121-121. The newly added 
claims do not recite the words "preventing a relapse of cancer." 
Applicants contend that this amendment obviates the above 
rejection and respectfully request that the examiner reconsider 
and withdraw this ground of rejection. 
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Summary 

For the reasons set forth hereinabove, applicants respectfully 
request that the Examiner reconsider and withdraw the various 
grounds of objection and rejection and earnestly solicit allowance 
of the now pending claims, i.e. claims 121-134. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorneys invite the Examiner to telephone them at the number 
provided below. 

No fee, other than the enclosed $945.00 fee for a five month 
extension of time, is deemed necessary in connection with the 
filing of this Amendment. However, if any additional fee is 
required, authorization is hereby given to charge the amount of 
any such fee to Deposit Account No. 03-3125. 



Respectfully submitted, 
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ABSTRACT 

Cell Kirffece gangUosidcs show altered pattern! or expression as a cob- 
sequence of malignant trmoa formation and have therefore been of Interest 
as potential targets for immunotherapy, including vaccine construction. 
On* otoauda has been that tome of the ganglioskdes that are overcxpresied 
hi human cancers art poorly immunogenic la hanaans. A cmae is pouU la 
Gto, a prominrac gaagtloside of human analgnaat melanoma. Using an 
approach that has been effective In the amatroctJon of bacterial carbo- 
hydrate vaccines, we have succeeded In Increasing the imraanogtakity of 
Gw tfae mouse by conjugating the gaaglftoside wttfa rmmnnogemc car* 
Hers. Several conjugation methods were used. The optimal procedure 
Involved ozone cleavage of the double bond of Gbs in the ceramide back- 
bone, Introducing an aldehyde group, and coupling to aminolysyl groups 
of proteins by reductive ami nation. Conjugates were constructed with a 
synthetic multiple antigenic peptide expressing repeats of a malarial T-cell 
epitope* outer membrane proteins of S'custria meningitidis, eaUonbad 
bovine serum albumin, keyhole Umpet hemocyanin, and porylysine. Mice 
bnmonatad with these conjugates showed a itronger antibody response to 
Gdj than mice immunized with unconjugated Go> The strongest response 
was observed in mice Immunized with tfce keyhole limpet hemocyanin 
conjugate of the Gm aldehyde derivative and the adjuvant QS-21. These 
mice showed not only a long-luting high- titer IgM response but also a 
coeuaeteat higb-Uter IgC response (predominantly IgGl), indicating re- 
cruitment of Toil help, although the titers or IgM and IgG antabodies 
following booster immunizations were not as high as they are in the 
response to classical T-caU-dtptndent antigens. Thli method Is applicable 
to other gangtioaJdes, and It may be useful *a the construction of Immu- 
nog«tnlc gasgim£kie vaccines for the immunotherapy of human cancers 
expressing ganglkaUdes on their cell lurface. 



INTRODUCTION 

Ganglioside 5 arc glycol ip id constituents of the cell membrane. The 
term was coined in 1942 to refer to lipids of the central nervous 
system that contained sialic acid, to signify their prime location in 
ganglion cells and their giycosidic nature (1). Their lipophilic com- 
ponent, the ceramide (an amide-linked long-chain sphingoid base and 
a fatty acid), is thought to be embedded in the cuter membrane of the 
cell membrane lipid bi layer. Tbe carbohydrate portion of the molecule 
is oriented toward the our side of the cell. Malignant transformation 
appears to activate enzymes involved in ganglioside glycosylarion, 
resulting in altered patterns of ganglioside expression in tumors such 
as astrocytoma, neuroblastoma, and malignant melanoma (2). In nor- 
mal melanocytes, for example, the predominant ganglioside is Gao. 3 
Other gangliosides including G D3 , Gmz, G DlfcJ and Gx lb constitute 
less than 10% of the total (3). In malignant melanoma, increased 
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expression of G D j, G D2: arKl G M2 has been observed (4, 5), and these 
gangliosides have therefore been considered potential targets foi im- 
munotherapy. 

One approach to ganglioside- targeted immunotherapy has been the 
use of mAbs. 4 Treatment of patients with melanoma or neuroblastoma 
with mAb recognizing G D3) Go* or G M2 has resulted in tumor re- 
gression in some cases (6-9). The other approach has been to immu- 
nize patients with ganglioside vaccine* in attempts to induce produc- 
tion of ganglioside antibodies by the patients themselves. These 
attempts have been successful so far only with G*c vaccines. Patients 
with American Joint Committee on Cancer Stage III malignant mela- 
noma, after complete resection of all rumor, have been shown to 
produce artn-G^ antibodies in response to vaccination with Gm2 and 
Bacillus Calmene-Guerin (after presentment with low-dose cyclo- 
phosphamide to reduce suppressor activity), and the disease-free in- 
terval aiid overall survival were longer in paints producing G M j 
antibodies (10). G D3 and G D2 , on the other han/ *e:e found to be 
only rarely immunogenic when administered in the same way to 
patients with melanoma (11). Even with the G M2 vaccines, the anti- 
body response showed the characteristics of a T-cell -independent re- 
sponse, that is 10 say, IgM production of short duration, rare conver- 
sion to IgG production, and lack of a booster effect (12, 13). 

Similar difficulties have been encountered m the development of 
effective vaccines against bacterial carbohydrate antigens. One ap- 
proach that has been successful in overcoming these problems is 
conjugation of the antigen with immunogenic protein carriers. For 
example, a conjugate vaccine that links the Haemophilus influenzae 
type b capsular polysaccharide to the outer-membrane protein com- 
plex cf Seisseria meningitidis serogroup B was recently shown to 
induce the production of antibodies and a high rate of protection 
against invasive disease caused by Haemophilus influenzae type b in 
infants (14), and similar results were reported for a conjugate vaccine 
using a nontoxic mutant diphtheria toxin as carrier (15). 

We have explored this approach in attempts to increase the immu- 
nogenicity of melanoma gangliosides. We report here the effects of 
conjugating G D a vvith several protein carriers on its immunogenicity 
in the mouse, 

MATERIALS AND METHODS 

Ganglioside*. Gm* ^m: and G DU> , extracted from bovine brain, were 
provide a by Fidia Research Laboratory (Abano Terme, Italy). G 02 was made 
from Gom by enzymatic cleavage with ^galacttaidase from bovine testes 
(16). G D3 (mel) was isolated from human melanoma tissue (17), Gds (bbm) 
and GT3 were iiclated from bovine buttermilk (16), and disialyUactose (Geo 
cligo saccharide) was isolated from bovine colostrum a* previously described 

(19). 

Reagents. HPTLC silica gel plates were obtained from E. Merck (Darm- 
stadt, Germany); 4-cJUoro-l-naphthol, p-nitrophenyl phosphate disodium, and 
sodium cyanoborohydride were from Sigma Chemical Co. (St. Louia, MO); 



4 Tha abbreviation* u*ed are: mAb, monoclonal antibody; MAP, multiple antigenic 
peptide; OMP, outer membrane protein; cBSA. canonized bovine aorum albumin; 1TLC 
immune thin-layer chromatography; HPTLC, biga-performancc chm-layer chromatogra- 
phy; ELISA, eniyrac-1 jikcd immunosorbent asaays; FACS, fluorescence activated cell 
aurter: PBS. phosphate-buffered ultne; bbm, bovine buttermilk. 
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methybuUide wu from Aldricn (Milwaukee, WI); cyclophosphamide (Cy- 
toxan) was from Mead Johnson (Syracuse, NY); and QS-21 adjuvant, a ho- 
mogeneous saponin component purified from Quillaja sttponaria Molina tree 
(23), was kindly donned by Cambridge Biotech Corp (Worcester. MA). Ii is 
an ampbipathic molecule and wu provided as a white powder, forming a dear 
colorless solution when dissolved in PBS. 

pi^fip.- fMy-L-ly»ne bydrobtoinide (MW(vU>3800] was purchased from 
Sigma, keyhole limpet hemocyanin (KLH) was from Calbiocbem (La Jolla, 
CA), the cBSA-lmject Supcrcanier immune modulator was from Pierce 
(Rockfort, IL). and Neisseria meningiiidis OMPs were kindly provided by Dr. 
M. S. Blake (Rockefeller University, New York). MAP YAL-IV 294-1 con- 
taining four repeats of a malarial T-cell epitope was a gift from Dr. J. P. Tarn 
(Rockefeller University). 

Monoclonal Antibodies. Rabbit anti-mouse immunoglobulin* conjugated 
to horseradish peroxidase for ITLC and rabbit anti-mouse IgM and IgO 
conjugated to alkaline phosphatase for EUSAs, were obtained fiam Zymed 
(San Francisco, CA); anti-Go, mAb R24 was generated in our laboratory (21). 

Serological Assays. EUSA were performed as previously described (13). 
To control for nonspecific "stickiness," immune sera were also tested on plates 
to which so ganglioside had been added, and the reading was subtracted from 
the value obtained in the presence of ganglioside. The titer was defined as the 
highest dilution yielding a corrected absorbance of 0. 1 or greater. Inununo- 
staining of gangliosides with mAb or mouse sera was performed ifter sepa- 
ration on HPTLC silica gel glass plates as previously described (4). Plates were 
developed in solvent 1 [ctsoroformmeOianoL-water (0.25% CaClj), 50:40:10 
(v/v)] or solvent 2 [ethanol^i-butylalco hoi: pyridine water: acetic acid, 100:10: 
10:303 (v/v)], and gangliosides were visualized with resorcinol-HCl reagent. 
Dot-blot immune stains were performed on nitrocellulose strips utilizing pu- 
rified gangliosides spotted in equal amounts end developed as described before 
(13). 

ImmunJiatkm. Six-week-old female BALB/c x C57BL/6 F, mice (The 
Jackson Laboratory, Bar Harbor, ME) were given an i.p. injection of cyclo- 
phosphamide (15 mg/kg) 3 days before ihe first immunization and were then 
assigned to treatment groups Groups of 4 or 5 mice were given three sx. 
injections of a vaccine 2 weeks apart if not otherwise indicated. Each vaccine 
contained 20 jig 0 D3 or 15 ^g disialyllactose and 10 j±g QS-21 in a total 
volume of 0.1 ml PBS. Mice were bled from (he reiroorbttal sinus before 
vaccination and 2 weeks after the last vaccine Injection unless indicated oth- 
erwise, 

Gd> Conjugate Preparatloa. C 0 y (2 mg) was dissolved in 2 mi methanol 
by sonicaUon and cooled to -78°C in an ethanol/dry ice bath. Ozone was 
generated in an ozone generator (Del Industries. San Lai is Obispo, CA) and was 
passed through the sample for 30 min under vigorous siirnng (22. 23). The 
excess of ozone was then displaced with nitrogen over a period of 10 mm. 
Meltylsulfide (100 u.1) was added (24), and I he sample was kept at -78'C for 
30 mm and then at room temperature for 90 min under vigorous stirring. The 
sample was dried under a stream of nitrogen and monitored by HPTLC. The 
long-chain aldehyde was separated by adding /i-hcxane (2 ml) to the dry 
sample, followed by sonication for 5 min and centrifugal ion at 200C X g for 
15 min. The jfhexane was carefully drawn off and discarded, and the sample 
was dried under a stream of nitrogen. Cleaved C 03 and native Co) were 
separated by HPLC (Waters. System 501, Mil ford, MA) utilising a C l9 re- 
versed-phase column (10 x 250 mm; Raisin Instruments, Ridgefield, NJ). 
Gangliosides were eluted with a linear waier-acetoni '.rile gradient and moni- 
tored at 214 nm, and Ihe fractions were analyzed by HPTLC. Fractions that 
contained cleaved Geo were combined and evaporated at 37°C with a Rota- 
vapor (Buchi, Flawils, Switzerland). Cleaved G D3 (1.5 mg), 1.5 mg protein 
carrier in PBS, and 2 mg sodium cyanoborohydrioc were incubatcC under 
gentle agitation at 3?*C for 48 h. After 16 h 1 mg sodium cyanoborohydride 
was added. Tne progress of coupling was monitored by HPTLC. Con-protein 
conjugates did not migrate in solvent I and solvent 2 but remained at the origin 
as a resorci no 1- positive band. The mixture was dialyzed across 5000 molecular 
weight cutoff dialysis tubing with dree changes of PBS (4 liters each), at 4°C 
for 48 h, and passed through an Extractige) detergent-removing gel (Pierce, 
Rocfcfort. IL) for final purification of unconjugated Cos- The samples were 
lyophilized, and their protein and ganglioside content was determined by 
BioRad protein assay and by neuraminic acid determination according to the 
method of Svennerholm (25). 



DisiaryOactase Conjugate Preparation. Disialyllactose was isolated from 
bovine colostrum as described previously (19). The carbohydrate was attached 
to protein by reductive aminaiiim (26). Disialyliactuac (10 mg) was incubated' 
with 2 mg proteins in 2 ml PBS for 14 days a! 3TC after sterile filtration. 
Sodium cyanoborohydride (2 mg) was odded at the beginning, and 1 mg was 
added every 3 days. The coupling was monitored by HPTLC in solvent 2. The 
disialyllaaosc conjugates were purified by dialysis across 5000 molecular 
waight cutoiff dialysis membrane with three changes of PBS (4 liters each) at 
4*C fox 48 a, followed by lyophitizadoo. The protein and neuraminic acid 
content was determined as described above. Disialyllactose was also conju- 
gated to proteins according to the method described by Roy and Lafeniere 
(27). During this procedure Af-acroloyLaled glycopyranosy lamina derivatives of 
the oligosaccharide were formed first, followed by conjugation via Michael 
yWfifwn to amixao groups of the protein. Purification and extermination of 
protein sod neuraminic acid content were performed as desc ri be d above. 

Dataradnatloa of Aatibody Subclasses. Determination of antibody sub- 
classes wu performed by ELISA using subclass-specific rabbit anti-mouse 
immunoglobulins IgOL, JgG2a, lgG2b, IgO 3, and IgA (Zymed. San Francisco, 
CA) Alkaline phosphatase- labeled goat and- rabbit IgG served as the signal, 
generating reagent 

FACS Analysis of Mouse Antasera. A single cell suspension of the mela- 
noma cell liae SK-MEL-28 was obtained after treatment with 0.1% EDTA in 
PBS followed by passage through a 26^-gauge needle. Cells (3 x 10 3 ) were 
incubated with 40 uJ of 1:20 diluted post- or preimmuntzation serum for 30 
min on ice. The cells were washed three times with 3% fetal calf serum in PBS. 
Thirty yd of diluted (1:50) fluorescein isothiocyaoate-labcled goat anti-mouse 
IgG (Southern Biotechnology Associates Inc^ Birmingham, AL) were added as 
secondary antibody, followed by incubation oo ice for 30 min. Cells were 
washed three times as above and resuspended in 500 3% fetal calf serum m 
PBS and analyzed by flow cytometry (FACScan. Beet on Dickinson, San Jose, 
CA). 

RESULTS 

Preparation and Characterization of G 03- Protein Conjugates. 

Gzk (bbra) in methanol was selectively cleaved with ozone at the 
C4-C5 double bond in the ceramide portion. It is assumed that me- 
thoxy peroxides are formed as intermediate products (24), and there- 
fore metnylsulfide was added as a reducing agent. The result of Che 
cleavage was a G D; > derivative with an aldehyde functional group in 
the position of the former double bond in the ceramide portion (Fig. 
1). Cleaved Gos migrated slower than native G D3 . and formed double 
bands because the ceramide contained unsaturated fatty acids that 
were cleaved simultaneously (see Fig. 1, inset). Densitometry analy- 
sis of HPTLC plates showed that more than 70% of G D3 (bbm) was 
cleaved by this procedure. Preliminary experiments involving 1 nger 
ozone treatment had similar results, indicating that 30% of G D3 from 
this source consists of sphinganine or phytosphingesine analogues that 
contain no ozone-cleavable ceramide double bond. Cleavage at -78°C 
with ozone treatment up to 1 h (depending on the amount of G D3 used) 
was found to be optimal. Cleaved G D3 persisted only in acidic and 
neutral phosphate buffers for up to 72 h, but with the formation of 
increasing amounts of oligosaccharide due to ^-elimination reactions 
[which have been shown to occur much faster at alkaline pH (23)]. 
The decreased hydrophobicity of cieaved compared to native G03 
allowed its separation by HPLC on C 18 reversed-phasc columns 
Utilizing isocrauc elution with a linear water-acetonitiile gradient, 
cleaved G D3 was recovered first, and uncleaved G D: , was eluted in 
later fractions. The incubation of cleaved G D a with proteins resulted in 
the formation of Schiff bases between the cleaved ganglioside and 
e-aminolysyl groups. They were reduced with sodium cyanoborohy- 
dride to form stable secondary amine bonds (28). The reaction was 
monitored by HPTLC, which showed a decreasing ratio of the cleaved 
Gx>3 to a resorcinol positive band at the origin, indicating the forma- 
tion of neoglycoconjugates. The reaction was generally completed 
after incubation for 48 h at 37*C. Disialyllactose was readily remov- 
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Fig. 1. Synthesis of G w pro I cm conjugates after ozone cleavage and reductive amimuoo fm*t. H7TLC of Ou3 before (A) ano after (B) o«one dctvage. 



able by dialysis, and the excess of cleaved G D3 was removed by 
passage through a detergent-removing column. The degree of cou- 
pling was determined by sialic acid and protein determinations. The 
weight ratio of Gr> 3 to proteins in the different conjugates, shown in 
Table 1, depended on the accessibility of lysine groups in the proteins. 
The average yield of G D3 coupled to proteins was 30%. G DS conju- 
gates prepared in this way were reactive with anri-G DJ mAb R24 by 
Western blot analysis, although the G D3 -aldehyde derivative itself was 
not reactive by ITLC (data not shown). 

Oligosaccharide Conjugation. The carbohydrate part of G D 3, di- 
siaryllactose, was coupled to proteins uli Iking two methods. The first 
method, reductive ami nation, resulted in conjugation of the open ring 
form of the glucose to proteins (26). The method required a long 
incubati n of the oligosaccharide with proteins, and the yield was less 
than 20%. In the second method (27), involv ing *V-acToluylation of the 
terminal glucose, the oligosaccharide was coupled to proteins with a 



closed ring formation. None of these oligosaccharide conjugates 
showed reactivity with mAb R24 by Western Wot analysis (data not 
shown). 

Induction or a Serological Response against G D3 by Immuniza- 
tion with Gou-Protein Conjugates. All vaccines were well tolerated. 
Mice were observed for at least 6 months, and neither acute nor 
systemic toxicity was detected. The serological response to immuni- 
zation with G D3 or G D3 - protein conjugates, using OS -21 as adjuvant, 
is shown in Table 1. OS- 21 was used because we had previously 
demonstrated its superiority over other adjuvants with another carbo- 
hydrate antigen-KLH conjugate vaccine (29). Id EL1SA, preimmuni- 
zation sera showed no IgM or IgG antibodies reactive with Gr» 
Immunization with unconjugated G D3 did not induce toe production of 
G D3 antibodies. Immunization with conjugates, on the other 
hand, was effective in inducing antibody production. Of the five 
proteins used in the preparation of the conjugates, KLH showed the 



l ablt 1 Antibody response to immunization with different vaccines zcHtaimng Gpj or disiaJythctose conjugated to carrier proteins 



Vamnr, + OS- 2 1 



No. of mice 



Go pro t£ to 
weight ratio* 



Reciprocal ELISA peak liter igaiosi Gos 



IiM 



Go* 


5 




Gjja/KLH** 


5 


033 




14 


0.69 


CWcBSA* 


IS 


077 




IS 


0.93 




10 


10 


Goo-Polylysiae 


10 


ND 


DiBulylltctose-KLH*' 


4 


0.035 


DisialylUctoac-cBSA^ 


4 


0.16 


DiiiaJyUactose-KLH' 


4 


0.25 


Diaialyllacioie-cBSA* 


4 


0.34 


Dtsialy DactoM -Porytyiinc 


5 


ND 



0(5) 
0(5) 

10,240 (2). 5,120 (2), 2^60 (3), 1,280 (2), 80 (2\ 40 (2X 0 
2^60 (2), 320 (2), 160, 80 (2>. 40 (4), 20 (2). 0 (?) 
2,560, 80 (4V 20 (3), 0 (7) 
40. 0 (0) 
0(10) 
0(4) 
20, 0 P) 
2a 0 (3) 
0(4) 
0(5) 



20 0). 0(2) 
160, 40, 20 (3) 
J,280 (2). 6*0, 320 (3), 160 (2), 80 (3). 20, 0 
80 (2), 40 (2), 20 P), 0 (4) 
1.280, 320 (21, 160 (7), 80 (4> 40 
160 (2), 40 (4), 20 (3), 0 
320. 160 (4X 80, 40, 20 (21, 0 
160 (3). 80 
uO, 20 (3) 
40 C2), 0 (2) 

0(4) 
SO P), 40 (2) 



•lutein and gaagUesidc cot tent wcrt determined by BioRad DfOt:in assay aad by neuraminic acid detennjiution according to me msthod of Svennerhoim (25). 

Gdj tod KLH w«e mixed prior to immunization. 
'S? ^ C0V,,Cfttl y »ttached tc proteins prior to immunization afkr ozooolysii u described in "Materials and Methods." 
• ?** n ,BCtOSe WM ">rju gated to KLH and cBSA by reductive agination according to the method of Gray (26). 

DtsiaJlytaciow was conjugal* d to KLH, cBSA, aid poiy-L-lysjne after Af-acroloylatioa and Michasl addition according tc ue method of Rev and Lafferiere (27). 
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Weeks 

Fig. 2. Tine course of C D 3 antibodies mduced m represents ivc mice immunized wkb 
Gdj-KLH and QS-21 vaccine. Eacfc symbol represents ui individual mouse. Arrows, lime 
of vaccination. 

strongest tmmunogenicity, resulting in a median titer of 1:320 for IgM 
and 1:2560 for IgG antibodies. The specific i so type profile was de- 
termined with subclass-specific secondary rabbit anti-mouse antibod- 
ies. Antigen-specific antibodies were found to be predominantly of the 
IgGl subclass. Antigen-specific IgG2a and IgG2b antibodies were 
found only in traces, and no IgG3 or IgA antibodies were detected. 

In contrast to. immunization with G D3 conjugates, immunization 
with G D:s -oligosaccharide conjugates induced only a weak IgM re- 
sponse to Gon and no IgG response. 

Sequential IgM and IgG antibody tilers against G D3 for five mice 
immunised with G D3 -KLH and OS-21 are shown in Fig. 2. IgM titers 
peaked 2 weeks after the third vaccination and declined by the time of 
the first booster immunization at week 16. The first booster immuni- 
zation had no significant impact on IgM titers, but the second booster 
immunization at week 28 increased IgM titers to the peak level seen 



after the third vaccination of the initial series. IgG titers also rose up 
to 2 weeks after the third vaccination and decreased by the time of the 
first booster vaccination bui rapidly increased after the booster to 
previous peak titers. IgG titers remained at this level for 10 weeks, 
with a further increase after the second booster in most mice. The 
evidence for a secondary immune response after the booster immu- 
nization was therefore equivocal. The response was clearly more rapid 
than after the initial immunization and lasted longer, but the increase 
in titer was not comparable to booster responses seen with classical 
T-celi-dependent antigens. 

Specificity of the Serological Response to Immunization with 
G DJ -Prat€in Conjugates. The specificity of the serological response 
to immunization with G D j-pK*ein conjugates and QS-21 was ana- 
lyzed by dor-bier immune staining and ITLG. An example of dot-bio t 
immune stain analysis is shown in Fig. 3. Pre immune sera and im- 
mune sera showing high Go ^-antibody titers in EL1SA were tested on 
nitrocellulose strips that had been spotted with G DJ (bbm) or C D ? 
(mel) and purified structurally relaxed gangtiosides: G^, G D2 , G 0 \t„ 
and Gn- As expected on the basis of the ELISA results, preimmune 
sera showed no reactivity. In contrast, sera obtained after immuniza- 
tion with KLH conjugates of G P ,-ganglioside reacted with G D3 (bbm) 
(the immunogen) or Geo (mel), but not with the other gangliosides 
except G-T3 in some cases, a pattern also seen in tests of the mouse 
monoclonal IgG3 antibody R24 ( the reagent by which high cell sur- 
face expression of Goa on human melanoma cells was first defined 
(20). The same specificity pattern was seen in dot-blot immune stain 
test* of sera from mice immunized with other G D3 -protein conjugates, 
the only exception being high-titer sera (by ELISA) from mice im- 
munized with G D3 -cBSA, which showed no reactivity with G DJ or the 
other gangliosides. 

ITLC permits specificity analysis of ganglioside antibodies in tests 
on tissue extracts. Examples of tests with high -titer, sera from mice 
immunized with GnvKLH and OS-21 are shown in Fig. 4. The sera 
were rested at a dilution of 1:150 on ganglioside extracts of human 
brain, neuroblastoma, and melanoma, as well as G D3 (bbm) that had 
been used for immunization. The figure shows HFTLC ganglioside 
patterns of these reagents after staining with rcsorcinol, as compared 
with the patterns of reactivity exhibited after exposure to sera from 
immunized mice or mAb R24. As can be seen in the resorcinol-stained 
panel, the predominant gangliosides in tbe brain tissue extract are 
G M ii G Dl4 , G Dlb . and G Tlb , whereas the neuroblastoma extract shows 
G D2 and G M2 in addition, and the melanoma extract contains mainly 
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Fi§>4. Immune thin-layer chrorn* tog runs of three representative mouse sera after 
vaccination with Om-KLH conjugate and QS-21. IgG and IgM antibodki in pre- and 
posrvacdcatioti aera aad anii-G 0 3 m\Ub H24 verc t tiled os bosun brain gingliottdcs 
CAX neuroblastoma ganglioiidcs (FX metinoma gangiiotides (C), tod Goo (£>) (Mm). 
Gtnglieiides were chemical ty itainetf with rcsorcinoi-HO reagent to demonstnte the 
l&rtgliosidc com pas it ion of each sample. 

Gd3 and Gm3- Reactivity of IgG antibodies in postimmunization sera, 
as well the reactivity of IgG3 mouse monoclonal antibody R24, was 
restricted to G D3 (Fig. 46). The high- titer IgM antibodies, on the other 
hand, showed weak cross-reactivity with other gangliosides and sul- 
fatide in the brain extract (Fig. 4a). 

Sera from mice immunized with other G D j conjugates were tested 
in the same way (at lower dilution) and showed the same specificity 
with the exception, again, of high -titer sere from mice immunized 
with Gdj-cBSA, which showed no ganglioside reactivity (data not 
shown). 

Cell Surface Reactivity of Immune Sera Determined by FACS 
Analysis. Sera from mice were tested for binding to cells of the 
melanoma cell line SK-MEL-2S, a cell line known to express cell 
surface G D3 . A representative example of a FACS analysis utilizing a 
fluorescein isothiocyanate-labeled secondary goat anli -mouse anti- 
body is shown in Fig. 5. Sera before and after immunization with 
Gdj-KLH and QS-21 were tested. Preimmunization scrum stained 8% 
of the target cells, postirnmunization serum 92%, 

DISCUSSION 

Conjugation of poorly immunogenic antigens to highly immuno- 
genic carrier molecules is a well-known approach to augmenting 
imraunogenicity. Ganglioside molecules are so small, however, that 



linkage to carrier molecules without affecting the relevant antigenic 
epitopes is difficult. We have shewn previously that modifications of 
G D 3 in it* carbohydrate portion (i.*., conversion of sialic icrd car- 
boxyl groups to amides or gangliosidcls or lactones) results in mark- 
edly increased immunogenicity. However, antibodies produced in re- 
sponse to these Gqj derivatives show no cross-reactivity with native 
Gcu (11, 30). Cow a lent attachment of proteins to the sialic acid mol- 
ecules of G 03 was therefore not attempted in the present study. Out 
initial approach involved conjugation of G D3 oligosaccharide (di&i- 
alyllactose) via the terminal glucose in open- or closed-ring configu- 
ration to KLH or polylysine. but these conjugates were not recognized 
by the ami-G D3 mAb R24 or by mouse antisera to G 0 s» and mice 
immunized with the conjugates did not produce G D3 antibodies. Sub- 
sequently, we coupled C oy to proteins via its ceramide portion without 
alteration of the carbohydrate moiety. The ceramide was cleaved with 
ozone at the double bond of the sphingosin base, and coupling to 
proteins was accomplished by reductive animation. Cleavage of gan- 
gliosides by oTono lysis and subsequent conjugation with proteins by 
this method has not been described, and it has been generally assumed 
that the aldehyde intermediates of gangliosides would be unstable. 
Fragmentation, initiated by hydroxy ions under alkaline conditions, 
has been reported. Migration of the double bond would result in 
p-climination, causing release of the oligosaccharide moiety (22, 31). 
We found, however, that the aldehyde was sufficiently stable at neutral 
pH to permit Scruff base formation with amino groups of proteins, so 
that 0 -elimination was not a major problem. The overaJl yield was 
30%. These G 03 aldehyde-proieir. conjugates showed reactivity with 
G D j antibodies by Western blot analysis, indicating that the immuno- 
dominant epitopes were intact in these G 0 j conjugates. However, 
reactivity of the G D3 -aldehyde derivative with mAb R24 by HTLC 
could not be shown. This may be due to its relatively unstable nature, 
resulting in Bdimi nation and release of oligosaccharide during the 
immune stain incubation period, or simply to the fact that the G&3- 
aidehyde derivative may not adhere to the thin- layer plate sufficiently 
for serological detection. 

Earlier studies describe oxidative ozonolysis of the glycosphingo- 
lipid olefinic bond, resulting in a carboxyl group that could be con- 
jugated with carbodiimide to NH 2 groups of modified glass beads, 
agarose gel* or other macron lolecules (32, 33). This method, however, 
is of limited use lor the conjugation of gangliosides to carrier proteins 
because it requires acetylated, methyl ester derivatives of gangliosides 
to avoid coupling via the sialic acid carboxyl group. Deacetylation 
after conjugation under basic conditions is necessary, conditions most 
proteins cannot be exposed to without degradation, ' 

Once the conjugation method was established, several protein car- 
riers were considered, based cn previous work by others. Lowell et aL 
(34) described an elegant system that resulted in high -titer antibody 
responses as a consequence of anchoring bacterial carbohydrate and 
peptide antigens via a synthetic, hydrophobic foot in OMPs of Neis- 
seria meningitidis (35). This system was directly applicable to gan- 
gliosides because of their amphipathic nature. In previous studies, we 
adsorbed gangliosides onto OMP by hydrophobic interaction, and we 
were able to induce high- titer IgM responses (36). Covalent attach- 
ment was utilized in the current study, but G D3 -OMP conjugates 
induced only occasional IgG responses, and the IgM response was not 
increased. Conjugation with ca lionized BSA, which has been reported 
to be a potent carrier for protein antigens (37), resulted in high -titer 
IgG antibodies detected by ELISA, but immune stains indicated that 
the response was not G D3 -specinc. Another appealing carrier is the 
MA? system described by J. P. Tam (38, 39). MAPs consist of four or 
eight dendritic peptide arms, containing B- and T-cell epitopes, at- 
tached to an oligomeric branched lysine core. The antibody response 
to peptides was dramatically increased when these constructs were 
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used. When wc attached G DJ to the amino terminal end of tbe MAP 
structure containing a malarial T-cell epitope, only a moderate IgM 
response against G D3 was detected, and there was no detectable IgG 
response. Conjugation of G DJ to polylysine resulted in a medium-titer 
IgM response and no IgG response, despite the high density of G D3 
epitopes oo these constructs. 

The carrier that proved ro be most effective in enhancing the anti- 
body response to Gr> 3 in this series was KLH. Immunization with 
Gds-KLH consistent!? induced long-lasting production of IgM and 
IgG antibodies against Gos at high titers. In comparing KLH with 
cBSA, OMP, MAP, and polylysine, it is difficult to know exactly why 
KLH is a superior carrier for G D5 . The sheer size and antigenic 
complexity of KLH stand out as a possible aid to antigen processing 
and recruitment of T-cell help across a broad range of T-cell speci- 
ficities. The very qualities that make KLH cumbersome to work with 
are probably responsible for its unique effectiveness as a carrier in 
conjugate vaccines. KLH has not been widely used as a carrier for 
conjugate vaccines in humans because its size and heterogeneity make 
vaccine construction and standardization difficult. 

Our hope was that conjugate vaccines would convert the T-cell- 
independem response against unconjugated G D3 seen in our previous 
studies to a T-ceU-dependent response producing high-titer, long- 
lived, IgG antibodies. This expectation was fulfilled to some extent 
but not completely. The peak of the IgM response occurred after the 
third biweekly vaccination as in our previous studies with unconju- 
gated Gp 3 , but the antibody titers were significantly higher. The 
response declined rapidly (as observed before), and additional vacci- 
nations increased IgM titers to previous peak levels. The repeated 
increase in the titer of IgM antibodies to G D s after booster immuni- 
zations differs from the expected response to T-ceU-dependent anti- 
gens such as proteins, which generally induce little or no IgM re- 
sponse after booster immunizations. For the first time, however, we 



were able to induce a high -titer IgG response against G D3 ganglionar 
consistently. This response lasted significantly longer than the IgM 
response and was increased by additional vaccinations, although the 
response following booster vaccinations was not comparable to the 
exponential increase often seen with protein antigens. The fact that the 
Gos antibodies were of tbe IgGl subclass indicates that a T-cell - 
dependent pathway was activated by the G D3 -KLH conjugate vaccine. 
The lack of a classical booster effect, however, may reflect the car- 
bohydrate nature of G D3 and its status as an auto-antigen. This sug- 
gests that T-cell recruitment by ganglioside conjugate vaccines is 
limited by the nature of the antigen itself. Nevertheless, the high-rite r 
IgM response and long-liv-d IgG response to vaccination with Gx> 3 - 
KLH and QS-21 seen in these experiments represents a striking im- 
provement over the response to unconjugated ganglioside vaccines 
and can now form the basis for clinical trials of ganglioside-KLH 
conjugate vaccines in patients with cancers that show increased gan- 
glioside expression. 
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